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(54) OPTICAL ISOLATOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To facilitate optical 
alignment at the time of assembly and to realize 
miniaturization and economization. 

SOLUTION: Light in a forward direction from an optical 
waveguide 1a having TECCterminal expanded core) 
structure is changed to parallel beams at a lens part 1c; 
the 1st half of the light is transmitted through a 1/2 
wavelength plate 3a and a magnetic garnet 5 and made 
incident on a lens part 1 ; and the 2nd half of the light is 
transmitted through the magnetic garnet 5 and a 1/2 
wavelength plate 3b ( made incident on a lens part 1b, 
synthesized with the 1st half of the light and emitted 
through an optical waveguide 1b. The transmitted light 
in a reverse direction from the waveguide 1b is changed 
to the parallel beams at a lens part 1d; the 1st half of 
the light is transmitted through the magnetic garnet 5 
and the plate 3a and made incident on the lens part 1c; 
and the 2nd half of the light is transmitted through the 
plate 3b and the magnetic garnet 5, made incident on 

the lens part 1c and negated with the 1st half of the light each other so as not to be 
transmitted. 
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LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Two or more 1st optical waveguides which the lens section was formed in each end 
and arranged in parallel, Two or more 2nd optical waveguides which said each lens section of 
the optical waveguide of this 1st plurality is countered, and the lens section is formed in each 
end, and is arranged in parallel, The Faraday rotator currently arranged between the lens 
sections of two or more of said 1st and 2nd optical waveguides, The 1st one half of the light 
from each lens section of two or more of said 1st optical waveguides penetrates. The 1st 1/2 
wavelength plate joined to the 1st [ of the 1st field of said Faraday rotator which counters the 
lens section of two or more of said 1st optical waveguides so that the light of the 2nd one half 
may penetrate said Faraday rotator directly ] one half side, It is joined to a 2nd [ of said 1st 
field of said Faraday rotator, and the 2nd field of the opposite side ] one half side, and the light 
of said 2nd one half from a 2nd [ of the 2nd field of this Faraday rotator ] one half side 
penetrates. The 2nd 1/2 wavelength plate which carries out incidence to the lens section of 
two or more of said 2nd optical waveguides, and carries out incidence of the light of said 1st 
one half from said Faraday rotator to the lens section of two or more of said 2nd optical 
waveguides directly, The optical isolator characterized by having a field impression means to 
impress a field to said Faraday rotator. 

[Claim 2] One [ each ] side is connected to each end of two or more 1st optical waveguides 
arranged in parallel and the optical waveguide of this 1st plurality. Two or more 1st **** 
branching means which compounds the light which branched to two, respectively, carried out 
outgoing radiation of the light which carried out incidence from one [ this ] each side from a 
pair of each another side side, and carried out incidence from a pair of each another side side, 
and carries out outgoing radiation from one [ each ] side, Each of a pair of end is connected to 
a pair of each another side side of the **** branching means of this 1st plurality in order to 
draw separately the 1st and 2nd light which branched with the **** branching means of this 1st 
plurality, respectively. Two or more pairs of 1st optical waveguides by which a pair of lens 
section is formed in each of a pair of other end, respectively, this — said each of a pair of lens 
section formed in each of a pair of other end of two or more pairs of 1st optical waveguides 
being countered, respectively, and a pair of lens section being formed in each of a pair of end, 
and with two or more pairs of 2nd optical waveguides currently arranged in parallel The light 
which carries out incidence to one [ each ] of a pair of side from each of a pair of other end of 
two or more pairs of 2nd optical waveguides is compounded, this — one [ each ] of a pair of 
side connects with each of a pair of other end of two or more pairs of 2nd optical waveguides - 
- having — this — Two or more 2nd **** branching means which branches to two, 
respectively and carries out outgoing radiation of the light which carried out outgoing radiation 
from each another side side, and which carried out incidence from each another side side from 
one [ each ] of a pair of side, Two or more 2nd optical waveguides which was connected to the 
another side side of the **** branching means of this 2nd plurality, and was arranged in parallel, 
It is arranged between each of a pair of lens section of two or more pairs of said 1st and 2nd 
optical waveguides. The light from the lens section of one way each of each of a pair of lens 
section of two or more pairs of said 1st optical waveguides carries out direct incidence to one 
side. The Faraday rotator in which the light from the lens section of one way each of each of a 
pair of lens section of two or more pairs of said 2nd optical waveguides carries out direct 
incidence to an another side side, The 1st 1/2 wavelength plate currently arranged between 
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one field of this Faraday rotator, and the lens section of each another side of each of a pair of 
lens section of two or more pairs of said 1st optical waveguides, The optical isolator 
characterized by having the 2nd 1/2 wavelength plate currently arranged between the field of 
another side of said Faraday rotator, and the lens section of each another side of each of a pair 
of lens section of two or more of said 2nd optical waveguides, and a field impression means to 
impress a field to said Faraday rotator. 

[Claim 3] Two or more pairs of two or more 1st and 2nd optical waveguide, said 1st, and 2nd 
optical waveguides are optical isolators according to claim 1 or 2 characterized by being the 
optical waveguide of TEC structure which has a limb as said lens section. 
[Claim 4] Two or more pairs of two or more 1st and 2nd optical waveguide, said 1st, and 2nd 
optical waveguides are optical isolators according to claim 1 or 2 characterized by being the 
optical waveguide with a point ball lens which has a point ball lens as said lens section. 
[Claim 5] Two or more 2nd optical waveguides which has the PCL structure which each end 
countered each end of two or more 1st optical waveguides which has the PLC structure 
arranged in parallel, and the optical waveguide of this 1st plurality, and was arranged in parallel, 
The Faraday rotator currently arranged between the opposite edges of two or more of said 1st 
and 2nd optical waveguides, The 1st one half of the light from each end of two or more of said 
1st optical waveguides penetrates. The 1st 1/2 wavelength plate joined to the 1st [ of the 1st 
field of said Faraday rotator which counters each end of two or more of said 1st optical 
waveguides so that the light of the 2nd one half may penetrate said Faraday rotator directly ] 
one half side, It is joined to a 2nd [ of said 1st field of said Faraday rotator, and the 2nd field of 
the opposite side ] one half side, and the light of said 2nd one half from a 2nd [ of the 2nd field 
of this Faraday rotator ] one half side penetrates. It is the optical isolator which carries out 
incidence to said two or more 2nd optical waveguides, and is characterized by the light of said 
1st one half from said Faraday rotator having the 2nd 1/2 wavelength plate which carries out 
incidence to said two or more 2nd optical waveguides directly, and a field impression means to 
impress a field to said Faraday rotator. 

[Claim 6] The light transmission side of said Faraday rotator, said 1st, and 2nd 1/2 wavelength 
plate is an optical isolator according to'claim 1 to 5 characterized by being inclined and 
arranged from a perpendicular field to the transmitted light. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention penetrates only the transmitted light of the forward 
direction by low loss, and relates to the optical isolator mainly used for arrangement of the path 
of a lightwave signal in optical-communication relation especially as an optical passive 
component about the optical isolator which intercepts the return light of hard flow. 
[0002] 

[Description of the Prior Art] In the optical transmission system, use of the optical fiber 
amplifier which amplifies directly with a lightwave signal is considered, without transposing a 
lightwave signal to an electrical signal in recent years. In this case, install Er addition optical 
fiber of specific die length in an amplifier, the signal light and excitation light which are amplified 
there are made to penetrate, and magnification light is obtained. Use of the optical isolator 
which optical fiber amplifier is made to penetrate only the transmitted light of the forward 
direction by low loss, and intercepts the return light of hard flow is indispensable. 
[0003] There are polarization dependence which makes only a specific polarization component 
penetrate among the transmitted lights of the forward direction, and polarization non- 
dependence which penetrates all the components of the transmitted light in an optical isolator. 
Although both optical isolators are used in an optical transmission system, it is used properly to 
the middle of the optical fiber with which, as for polarization dependence, signal light penetrates 
the latest of the laser for optical communication, and polarization non-dependence in many 
cases. Among these, about the polarization non-dependence optical isolator with a 
comparatively complicated configuration, some structures, such as a type (JP.54-1 59245,A) 
which uses a birefringence parallel plate conventionally, and a type (JP, 61 -58809, B) using a 
taper-like birefringent plate, have been proposed. 

[0004] The example of the polarization non-dependence optical isolator shown in drawing 10 is 
an optical isolator with which it was proposed by Shintaku and others, and it has 1/2 
wavelength plate 102 of 101 or 2 magnetic garnets which are one Faraday rotator (1997 spring 
Institute of Electronics, Information and Communication Engineers synthesis convention C-3- 
98, p283, polarization non-depended optical isolator of new structure), and two lens devices 
103, and both ends consist of optical fibers 104a and 104b. Moreover, with the optical isolator 
of drawing 10 which is the magnet which impresses a field to the magnetic garnet 101, in case 
105 separates the transmitted light, it does not separate into the light of the polarization 
component which intersects perpendicularly mutually, but it is divided into the light of the same 
reinforcement which the polarization component mixed. In the case of the forward direction 
transmitted light which carried out incidence only of the tales doses from optical fiber 104a, 
including the same polarization component respectively, two sorts of separation light is again 
compounded in the end face of optical fiber 104b after outgoing radiation side lens 
transparency. In this case, since 2 separation light compounded has relation which suits in slight 
strength mutually, the transmitted light will pass through an optical isolator as it is, without 
decreasing. In addition, as for the light at the time of penetrating the magnetic garnet 101 and 
1/2 wavelength plate 102 which are the Faraday rotator between two lenses 103, it is most 
desirable that it is parallel light. 

[0005] On the other hand, in case the light separated after transparency of optical fiber 104b is 
compounded at an optical fiber 104a edge in this optical isolator in the case of the transmitted 
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light of hard flow, it tias relation negated mutually. Therefore, it turns out that the hard flow 
transmitted light does not penetrate the inside of this optical fiber 104a, and this optical device 
functions as an optical isolator. 

[0006] By the way, in the inside of one optical fiber, the wavelength multiple-signal (WDM) 
technique which coincidence is made to penetrate progresses, and coincidence is asked 
[ lightwave signal / of two or more wavelength ] for the optical device which can be processed 
from two or more lightwave signals in recent years. Coincidence is asked for considering as the 
structure of the parallel connected type which processes two or more lightwave signals 
independently also in the optical isolator, and the structure of an array mold where two or more 
optical isolators of the same structure were arranged horizontally is proposed. 
[0007] 

[Problem(s) to be Solved by the Invention] As mentioned above, the optical isolator of the array 
mold which can process two or more lightwave signals to coincidence is demanded with 
development of a WDM technique, but when the polarization non-dependence optical isolator 
shown in drawing 10 mentioned above to this array type of optical isolator is used, the following 
problems arise. 

[0008] that is, with the polarization non-dependence optical isolator shown in drawing 1 0 , two 
separation light is considered to become each half [ of one parallel light which spread greatly in 
fact, or the transmitted light according to it ] rather than follows a path which is completely 
different in the condition of having separated mutually. Since it was again compounded by one 
light after two sorts of light of the transmitted light penetrated a mutually different optical 
element, if it separates into two was written, but in fact, the boundary section of both 
separation light is continuing, and since it is located in the center section of the light 
transmission field, this boundary section, not to mention it, is considered that the optical 
reinforcement of the transmitted light is usually the greatest field. Since such the transmitted 
light penetrates 1/2 wavelength plate which is a mutually different optical element, carrying out 
irregular behavior of being as interfere **** [, and ] is fully considered. [ that the light which 
penetrated the side-face partial region of an optical element is scattered about ] It is thought 
that the effect of such a light becomes remarkable especially in the case of the transmitted 
light of hard flow. 

[0009] It is very difficult on the structure of an optical isolator to make this scattered light into 
zero. As a factor which increases such the scattered light further ** When the transmitted light 
between two lenses is not parallel light, the transmitted light carries out incidence to an optical 
element end face from across (since the transmitted light and a component end face will 
become parallel if it is parallel light). Since the installation locations of 1/2 wavelength plate 
differ on structure in the transparency path of **2 separation light in which the quantity of light 
reflected and scattered about by the end face is very small In order to install the lens with 
which the optical element end face of 2 separation light at the time of incidence does not 
gather, but the field of the shape of the level difference becomes the basis of reflection and 
dispersion and of which ** independence was done in an optical path A certain amount of 
volume also including the part used as the holder is surely required in an optical path. The 
optical distance between both optical fiber 104a and 104b becomes long as a result. ** Precise 
alignment required for adhesion immobilization of 1/2 wavelength plate installed in the front 
flesh side of Faraday rotator is difficult, and since both optical elements are the magnitude of 
the one half of Faraday rotator, respectively, they can consider the reason of few overflows of 
the cement at the time of junction scattering the transmitted light. 

[0010] In order to produce this problem similarly in the optical isolator of an array mold and to 
have to perform optical alignment to much all optical-isolator configurations especially in the 
case of an array mold, the point that optical adjustment is difficult is an especially big problem. 
In the case of an array mold optical isolator, it is called for that the optical alignment at the 
time of the assembly of an optical element is structure which coincidence is made to complete 
by one operation to all optical-isolator configurations. 

[001 1] This invention was made in view of the above, and the place made into the purpose is to 
offer the optical isolator which attained miniaturization and economization while easy-izing 
optical alignment at the time of assembly. 
[0012] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, this invention 
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according to plaim I.Two or more 1st optical waveguides which the lens section was formed in 
each end and arranged in parallel, Two or more 2nd optical waveguides which said each lens 
section of the optical waveguide of this 1st plurality is countered, and the lens section is 
formed in each end, and is arranged in parallel, The Faraday rotator currently arranged between 
the lens sections of two or more of said 1st and 2nd optical waveguides, The 1st one half of the 
light from each lens section of two or more of said 1st optical waveguides penetrates. The 1st 
1/2 wavelength plate joined to the 1st [ of the 1st field of said Faraday rotator which counters 
the lens section of two or more of said 1st optical waveguides so that the light of the 2nd one 
half may penetrate said Faraday rotator directly ] one half side, It is joined to a 2nd [ of said 1st 
field of said Faraday rotator, and the 2nd field of the opposite side ] one half side, and the light 
of said 2nd one half from a 2nd [ of the 2nd field of this Faraday rotator ] one half side 
penetrates. Carry out incidence to the lens section of two or more of said 2nd optical 
waveguides, and let it be a summary for the light of said 1st one half from said Faraday rotator 
to have the 2nd 1/2 wavelength plate which carries out incidence to the lens section of two or 
more of said 2nd optical waveguides directly, and a field impression means to impress a field to 
said Faraday rotator. 

[001 3] If it is in this invention according to claim 1 , the transmitted light of the forward direction 
from two or more 1st optical waveguides turns into parallel light in the lens section. Incidence 
of the light of the 1st one half is carried out to the lens section of two or more 2nd optical 
waveguides through the 1st 1/2 wavelength plate and Faraday rotator. Moreover, incidence of 
the light of the 2nd one half is carried out to the lens section of two or more 2nd optical 
waveguides through Faraday rotator and the 2nd 1/2 wavelength plate. It is compounded with 
the light of the 1st one half, and outgoing radiation of two or more 2nd optical waveguides is 
penetrated and carried out. Moreover, the transmitted light of the hard flow from two or more 
2nd optical waveguides turns into parallel light in the lens section. Incidence of the light of the 
■1st one half is carried out to the lens section of two or more 1st optical waveguides through 
Faraday rotator and the 1st 1/2 wavelength plate. Moreover, incidence of the light of the 2nd 
one half is carried out to the lens section of two or more 1st optical waveguides through the 
2nd 1/2 wavelength plate and Faraday rotator, and it is denied the light of the 1st one half 
mutually, and cannot be penetrated. 

[0014] Moreover, two or more 1st optical waveguides in which this invention according to claim 
2 was arranged in parallel, One [ each ] side is connected to each end of the optical waveguide 
of this 1st plurality. Two or more 1st **** branching means which compounds the light which 
branched to two, respectively, carried out outgoing radiation of the light which carried out 
incidence from one [ this ] each side from a pair of each another side side, and carried out 
incidence from a pair of each another side side, and carries out outgoing radiation from one 
[ each ] side, Each of a pair of end is connected to a pair of each another side side of the **** 
branching means of this 1st plurality in order to draw separately the 1st and 2nd light which 
branched with the **** branching means of this 1st plurality, respectively. Two or more pairs of 
1st optical waveguides by which a pair of lens section is formed in each of a pair of other end, 
respectively, this — said each of a pair of lens section formed in each of a pair of other end of 
two or more pairs of 1st optical waveguides being countered, respectively, and a pair of lens 
section being formed in each of a pair of end, and with two or more pairs of 2nd optical 
waveguides currently arranged in parallel The light which carries out incidence to one [ each ] 
of a pair of side from each of a pair of other end of two or more pairs of 2nd optical waveguides 
is compounded, this — one [ each ] of a pair of side connects with each of a pair of other end 
of two or more pairs of 2nd optical waveguides — having — this — Two or more 2nd **** 
branching means which branches to two, respectively and carries out outgoing radiation of the 
light which carried out outgoing radiation from each another side side, and which carried out 
incidence from each another side side from one [ each ] of a pair of side, Two or more 2nd 
optical waveguides which was connected to the another side side of the **** branching means 
of this 2nd plurality, and was arranged in parallel, It is arranged between each of a pair of lens 
section of two or more pairs of said 1st and 2nd optical waveguides. The light from the lens 
section of one way each of each of a pair of lens section of two or more pairs of said 1 st 
optical waveguides carries out direct incidence to one side. The Faraday rotator in which the 
light from the lens section of one way each of each of a pair of lens section of two or more 
pairs of said 2nd optical waveguides carries out direct incidence to an another side side, The 
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1st 1/2 wavejength plate currently arranged between one field of this Faraday rotator, and the 
lens section of each another side of each of a pair of lens section of two or more pairs of said 
1st optical waveguides, Let it be a summary to have the 2nd 1/2 wavelength plate currently 
arranged between the field of another side of said Faraday rotator, and the lens section of each 
another side of each of a pair of lens section of two or more of said 2nd optical waveguides, 
and a field impression means to impress a field to said Faraday rotator. 

[0015] If it is in this invention according to claim 2, the transmitted light of the forward direction 
from two or more 1st optical waveguides branches with the 1st **** branching means. These 
1st and 2nd branched light turns into parallel light in that lens section through two or more pairs 
of 1st optical waveguides. The 1st 1/2 wavelength plate, Faraday rotator, and the lens section 
of two or more pairs of 2nd optical waveguides the 1st light on the other hand Penetrate one 
side of two or more pairs of 2nd optical waveguides, and it results in the 2nd **** branching 
means. The 2nd light Faraday rotator, the 2nd 1/2 wavelength plate, another side of the lens 
section of two or more pairs of 2nd optical waveguides, Another side of two or more pairs of 
2nd optical waveguides is penetrated. For the 2nd **** branching means very much It is 
compounded with the 1st light, and carry out outgoing radiation from two or more 2nd optical 
waveguides, and the transmitted light of the hard flow from two or more 2nd optical waveguides 
branches with the 2nd **** branching means. These 1st and 2nd branched light turns into 
parallel light in that lens section through two or more pairs of 2nd optical waveguides. Faraday 
rotator, the 1st 1/2 wavelength plate, and the lens section of two or more pairs of 1st optical 
waveguides the 1st light on the other hand Penetrate one side of two or more pairs of 1st 
optical waveguides, and it results in the 1st **** branching means. The 2nd light penetrates 
another side of the 2nd 1/2 wavelength plate, Faraday rotator, and the lens section of two or 
more pairs of 1st optical waveguides, and another side of two or more pairs of 2nd optical 
waveguides, and they are mutually denied very much the 1st light for the 1st **** branching 
means, and it cannot penetrate them for it. 

[0016] Furthermore, this invention according to claim 3 makes it a summary for two or more 
pairs of two or more 1st and 2nd optical waveguide, said 1st, and 2nd optical waveguides to be 
the optical waveguides of TEC structure which have a limb as said lens section in invention 
according to claim 1 or 2. 

[0017] This invention according to claim 4 makes it a summary for two or more pairs of two or 
more 1st and 2nd optical waveguide, said 1st, and 2nd optical waveguides to be the optical 
waveguides with a point ball lens which have a point ball lens as said lens section in invention 
according to claim 1 or 2. 

[0018] Moreover, two or more 1st optical waveguides which has the PLC structure where this 
invention according to claim 5 was arranged in parallel, Two or more 2nd optical waveguides 
which has the PCL structure which each end countered each end of the optical waveguide of 
this 1st plurality, and was arranged in parallel, The Faraday rotator currently arranged between 
the opposite edges of two or more of said 1st and 2nd optical waveguides, The 1st one half of 
the light from each end of two or more of said 1st optical waveguides penetrates. The 1st 1/2 
wavelength plate joined to the 1st [ of the 1st field of said Faraday rotator which counters each 
end of two or more of said 1st optical waveguides so that the light of the 2nd one half may 
penetrate said Faraday rotator directly ] one half side, It is joined to a 2nd [ of said 1st field of 
said Faraday rotator, and the 2nd field of the opposite side ] one half side, and the light of said 
2nd one half from a 2nd [ of the 2nd field of this Faraday rotator ] one half side penetrates. 
Carry out incidence to said two or more 2nd optical waveguides, and let it be a summary for the 
light of said 1st one half from said Faraday rotator to have the 2nd 1/2 wavelength plate which 
carries out incidence to said two or more 2nd optical waveguides directly, and a field impression 
means to impress a field to said Faraday rotator. 

[0019] If it is in this invention according to claim 5, the transmitted light of the forward direction 
from two or more 1st optical waveguides which has PLC structure is divided into 2 light with 
PLC structure, and the light of the 1st one half penetrates the 1st 1/2 wavelength plate and 
Faraday rotator. Result in two or more 2nd optical waveguides which has PLC structure, and 
the light of the 2nd one half penetrates Faraday rotator and the 2nd 1/2 wavelength plate. It is 
compounded very much with the light of the 1st one half by two or more 2nd optical 
waveguides which has PLC structure. Outgoing radiation is carried out from two or more 2nd 
optical waveguides, the transmitted light of the hard flow from two or more 2nd optical 
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waveguides is divided into 2 light with PCL structure, and the light of the 1st one half 
penetrates Faraday rotator and the 1st 1/2 wavelength plate. It results in two or more 2nd 
optical waveguides, and the 2nd 1/2 wavelength plate and Faraday rotator are penetrated, in 
case the light of the 2nd one half is compounded very much by two or more 2nd optical 
waveguides with the PLC structure of the optical waveguide of this 2nd plurality, they are 
denied the light of the 1st one half mutually and it cannot penetrate them. 
[0020] Furthermore, this invention according to claim 6 makes it a summary for the light 
transmission side of said Faraday rotator, said 1st, and 2nd 1/2 wavelength plate to incline, and 
to arrange it from a perpendicular field, to the transmitted light, in invention according to claim 
1 to 5. 

[0021] If it is in this invention according to claim 6, since the light transmission side of Faraday 
rotator, 1st, and 2nd 1/2 wavelength plate inclines and is arranged from the perpendicular field 
to the transmitted light, it can prevent that the reflected light in an optical element re-invades 
as a return light in optical waveguide. 
[0022] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained 
using a drawing. 

[0023] Drawing 1 (a) and (b) are the plans and drawings of longitudinal section showing the 
configuration of the optical isolator which starts the 1st operation gestalt of this invention, 
respectively. In this drawing, 1a and 1b are optical waveguides which have TEC (Thermal 
Expanded Core) structure, and the lens sections 1c and 1d which expanded the core section 
with heating and were formed are formed in each one edge each. 3a and 3b are 1/2 wavelength 
plates, 5 is the magnetic garnet 5 which is Faraday rotator, and 7 is a substrate. In addition, in 
this drawing, a means to impress a field to the magnetic garnet 5 which is Faraday rotator is 
omitted. 

[0024] In the optical isolator constituted, thus, the transmitted light of the forward direction 
from two or more optical waveguide 1a which has TEC structure It becomes parallel light by the 
lens section 1c. The light of the 1st one half 1/2 wavelength plate 3a, Without penetrating in 
order the magnetic garnet 5 which is Faraday rotator, and penetrating 1/2 wavelength-plate 3b 
Carrying out [ and ] incidence to 1d of lens sections, without penetrating 1/2 wavelength-plate 
3a, the light of the 2nd one half penetrates in order the magnetic garnet 5, and 1/2 wavelength- 
plate 3b which is Faraday rotator, and it carries out incidence to 1d of lens sections, and it is 
compounded with the light of the 1st one half, and carries out outgoing radiation through optical 
waveguide 1b. 

[0025] Moreover, the transmitted light of the hard flow from optical waveguide 1b which has 
TEC structure Become parallel light in 1d of the lens section, and the light of the 1st one half 
penetrates the magnetic garnet 5, and 1/2 wavelength-plate 3a, and it carries out incidence to 
lens section 1c. Moreover, 1/2 wavelength plate 3b and the magnetic garnet 5 cannot be 
penetrated, incidence of the light of the 2nd one half is carried out to lens section 1c, they are 
denied the light of the 1st one half mutually and it cannot penetrate them. 
[0026] In addition, the lens sections 1c and 1d give the function as a lens by expanding to one 
several times the diameter of this by heating the core section of an optical fiber, and the thing 
using an optical fiber is also called a core expansion fiber among the optical waveguides 1a and 
1b which have TEC structure. And the light which carries out outgoing radiation from optical 
waveguide 1a which has TEC structure turns into parallel light. 

[0027] In this operation gestalt, although 1/2 wavelength plates 3a and 3b and the magnetic 
garnet 5 constitute an optical element, when the 1.55-micrometer transmitted light which is a 
communication link wavelength band is assumed, the thickness of the magnetic garnet 5 is 
generally about 500 micrometers and 1/2 wavelength plates 3a and 3b are the products made 
from Xtal, the thickness is about 90 micrometers respectively. 

[0028] The optical isolator of this operation gestalt constitutes the array-ized optical isolator 
by arranging in parallel two or more lens section 1c and optical waveguides 1a and 1b which 
have 1d in one according to TEC structure, and preparing to the conventional optical isolator 
shown in drawin g 10 . And since the lens sections 1c and 1d are formed in one with the optical 
fiber which are optical waveguides 1a and 1b, while the optical alignment activity and optical 
adjustment at the time of assembly are easy, area of each optical element which the overall 
length of an optical isolator becomes short, and can miniaturize and is used in connection with 
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this can be made srpall, and a cost cut can be aimed at. When the 1 .55-micrometer transmitted 
light mentioned above is assumed, distance between the optical waveguides 1a and 1b of both 
sides can be set to 1mm or less. 

[0029] That is, in the optical isolator of this operation gestalt, since the optical waveguides 1a 
and 1b of lens section 1c and the TEC structure of having 1d in one can perform optical 
adjustment of optical waveguide and the lens section beforehand, while being able to easy-ize 
the optical alignment activity of the assembly type of an optical isolator, the configuration of an 
optical element can be miniaturized. Moreover, the transmitted light for lens section 1c of each 
optical waveguide and 1d is always maintained by parallel light or the condition near it. Upwards 
may improve and the optical property of an optical isolator Since the optical adjustment 
between the lens sections 1c and 1d at the time of assembly and optical waveguides 1a and 1b 
is unnecessary, Since the structure of the adjustment after assembly becoming easy and 
holding the lens section separately is unnecessary, a very small component is enough and the 
overall length of an optical isolator can be shortened. Furthermore, occupancy area of the 
optical element which consists of Faraday rotator required for one optical-isolator structure 
and 1/2 wavelength plate can be made small, and economization can be attained. Moreover, in 
an array mold optical isolator like this operation gestalt, while being able to use only an optical 
element in common, being able to arrange the optical ON outgoing radiation edge where a large 
number became independent, being able to provide the optical-isolator ability which a large 
number became independent of and being able to fall the occupancy area of the optical element 
per optical-isolator structure, the number of the optical-isolator structures which can carry out 
[ array ]-izing to the optical element of the same magnitude can be increased. 
[0030] Drawing 2 (a) and (b) are the plans and drawings of longitudinal section showing the 
configuration of the optical isolator which starts the 2nd operation gestalt of this invention, 
respectively. The points which divided into two up and down and were constituted from the 1st 
and 2nd magnetic garnets 9a and 9b differ the magnetic garnet 5 which constitutes Faraday 
rotator in the optical isolator which showed the optical isolator of the 2nd operation gestalt 
shown in this drawing to drawing 1 , and other configurations, an operation, and effectiveness 
are the same as the optical isolator of the 1st operation gestalt mentioned above. 
[0031] Although the optical element which consists of 1/2 wavelength plates 3a and 3b and the 
magnetic garnets 9a and 9b which are used for the optical isolator of the operation gestalt of 
**** 2 is produced in the form equally divided into two up and down This the magnetic garnet 9 
which is rectangular Faraday rotator first, and 1/2 wavelength plate 3 of the same configuration 
Lamination, This is cut or more to two, and 1/2 wavelength plates, every two pieces 9a and 9b, 
i.e., the magnetic garnets, in it and, 3a and 3b are taken out, combined and constituted. And as 
for these magnetic garnets 9a and 9b and 1/2 wavelength plates 3a and 3b, it is desirable that 
it is the component started from the same block, the thickness of the magnetic garnets 9a and 
9b which are both optical elements in that case, and 1/2 wavelength plates 3a and 3b is equal, 
and its sense of the optical axis of a faraday's rotation angle and 1/2 wavelength plate is also 
mutually equal. In addition, since it is an array mold optical isolator, as for the configuration of 
this component started and combined, it is desirable that it is a long and slender rectangle. 
[0032] By using such an optical element, most level differences in the connection place of both 
optical elements can be made into zero. Since one of dispersion of the light which penetrates 
this connection place, and the causes of refraction is existence of this level difference, it can 
improve optical properties, such as an insertion loss of an optical isolator, and isolation, by 
canceling this level difference. When the 1 .55-micrometer transmitted light of a communication 
link wavelength band is assumed like the case of the 1st operation gestalt mentioned above, 
Since the thickness of the magnetic garnets 9a and 9b is generally about 500 micrometers, and 
the thickness is about 90 micrometers respectively when 1/2 wavelength plates 3a and 3b are 
the products made from Xtal With this operation gestalt, the thickness of the optical element of 
a center section is set to about 600 micrometers, and becomes shorter a little less than 100 
micrometers than the case of the operation gestalt mentioned above. In addition, as for the 
sense of the optical axis of 1/2 wavelength plates 3a and 3b, in the optical element of two 
steps of upper and lower sides, it is conditions that the angle to make is 45 degrees or 135 
degrees. Since the optical axis serves as sense symmetrical with the field of a connection place 
when it constitutes from a component started from the same optical element block, the 
inclination of an optical axis also needs to be **22.5 degrees or **67.5 degrees (= **22.5 
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degrees **+45 degrees) on the basis of the field of a connection place. 
[0033] Next, how to assemble the optical isolator of the array mold of the 1st [ which is 
constituted as mentioned above ], and 2nd operation gestalten is explained. First, two or more 
waveguide structures are formed in parallel on the substrate 7 which consists of glass or Si, a 
part of each waveguide is expanded by approaches, such as the afterbaking processing, and it 
considers as the optical waveguide which has TEC structure. And the central part of each 
expanded optical waveguide is investigated to a groove, the optical waveguide which has TEC 
structure is cut, the long and slender optical element which combined the magnetic garnet 5 
and 1/2 wavelength plates 3a and 3b which are Faraday rotators is arranged into this slot, and 
it tunes finely and fixes. 

[0034] Although optical waveguide 1a which has the TEC structure of both sides, and 1b cannot 
be moved and optical adjustment cannot be performed by this approach, since the optical 
waveguides 1a and 1b which have the TEC structure of both sides are installed in the location 
which surely counters If it takes care so that the joint effectiveness may fully be acquired at 
the time of production of the optical waveguides 1a and 1b which have TEC structure, 
especially the optical adjustment to which optical waveguide 1a and 1b are moved is not 
required. Thus, the optical isolator of the array mold of this operation gestalt is efficiently 
producible. 

[0035] Drawing 3 (a) and (b) are the plans and drawings of longitudinal section showing the 
configuration of the optical isolator which starts the 3rd operation gestalt of this invention, 
respectively. The points which used lens section 11c and the optical waveguides 11a and 11b 
with a point ball lens in which 1 1 d was formed in one instead of the optical waveguides 1a and 
1b which have TEC structure in the optical isolator of the 1st operation gestalt which showed 
the optical isolator of the 3rd operation gestalt shown in this drawing to drawin g 1 mentioned 
above differ, and other configurations, an operation, and effectiveness are the same as the 
optical isolator of the 1st operation gestalt. 

[0036] The optical waveguides 11a and 11b with a point ball lens are the structures which 
pasted up or welded the spherical lens sections 1 1 c and 1 1 d of ten diameter - 1 00 micrometers 
of numbers at the tip of the core section of an optical fiber, and if a suitable design is carried 
out, they can make the outgoing radiation light parallel light. 

[0037] Drawin g 4 (a) and (b) are the plans and drawings of longitudinal section showing the 
configuration of the optical isolator which starts the 4th operation gestalt of this invention, 
respectively. The optical isolator of the 4th operation gestalt shown in this drawing The points 
which divided into two the magnetic garnet 5 which constitutes Faraday rotator in the optical 
isolator shown in drawin g 3 up and down, and were constituted from the 1st and 2nd magnetic 
garnets 9a and 9b differ, the 1- which constituted like the magnetic garnets 9a and 9b of the 
2nd operation gestalt shown in drawing 2 , and mentioned other configurations, an operation, 
and effectiveness above — it is the same as the optical isolator of the 3rd operation gestalt. 
[0038] Next, how to assemble the optical isolator of the array mold of the 3rd [ which is 
constituted as mentioned above ], and 4th operation gestalten is explained. In this operation 
gestalt, since it is difficult to produce the optical waveguides 11a and 11b with a point ball lens 
after recessing of a substrate 7, the approach of having mentioned above which produces the 
optical isolator of the 1st and 2nd operation gestalten mentioned above is not practical, 
therefore, two or more V typeface slots parallel on a substrate 7 be form, the slot for optical 
elements be produce to the sense which intersect perpendicularly with these slots, and 
although how to arrange the optical element of a long and slender configuration there etc. can 
be consider, optical adjustment be needed [ in the case of the optical isolator which use the 
optical waveguides 1 1a and 1 1b with a point ball lens, / for every optical isolator configuration 
section ] like the 3rd and 4th operation gestalten, in this case. Although the approach of 
producing the optical isolator using the optical waveguides 1 1a and 1 1b with a point ball lens 
which were comparatively excellent in optical coupling effectiveness has a problem in respect 
of the ease of assembly, it is thought that it is advantageous in respect of the optical property 
of an optical isolator. 

[0039] Drawing 5 (a) and (b) are the plans and drawings of longitudinal section showing the 
configuration of the optical isolator which starts the 5th operation gestalt of this invention, 
respectively. The optical isolator of the 5th operation gestalt shown in this drawing While 
differing greatly in that the 1st and 2nd **** turnouts 13a and 13b were formed in the middle of 
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optica! waveguides ]a and 1b in the optical isolator of the 1st operation gestalt shown in 
drawing 1 , respectively optical waveguide 1a' which has two or more a pair of TEC structures 
for between the optical elements which consist of the branching outgoing end of these **** 
turnouts 13a and 13b, a magnetic garnet 5, and 1/2 wavelength plates 3a and 3b, respectively, 
1a":1b', and 1b — " — connecting — It differs in that lens section 1c', 1c":1 d\ and 1d" are 
formed in the edge by the side of the optical element of the optical waveguide of these two or 
more pairs, respectively. 

[0040] In the optical isolator of the array mold constituted thus, the transmitted light of the 
forward direction from two or more optical waveguide 1a It branches in two light of the same 
reinforcement, a phase, and degree of polarization by 1st **** turnout 13a, respectively. These 
1st and 2nd branched light turns into parallel light by that lens section 1c' and 1c" through two 
or more pairs optical waveguide 1a' which has TEC structure independently, respectively, and 
1a". The 1st light penetrates the magnetic garnet 5 which constitutes 1/2 wavelength plate 3a 
and Faraday rotator, and the 2nd light penetrates the magnetic garnet 5, and 1/2 wavelength- 
plate 3b. and — further — the 1st and 2nd light — respectively — two or more — a pair of 
lens section 1d\ 1d", two or more pairs optical waveguide 1b', and 1b — " — penetrating — 
2nd **** turnout 13b — resulting — this — in 2nd **** turnout 13b, the 1st and 2nd light is 
compounded and outgoing radiation is carried out from two or more optical waveguide 1b. 
Moreover, the transmitted light of the hard flow from two or more optical waveguide 1b 
branches by 2nd **** turnout 13b. These 1st and 2nd branched light turns into parallel light by 
that lens section 1d' and 1d" through two or more pairs of optical waveguide 1b' and 1b". The 
magnetic garnet 5, 1/2 wavelength plate 3a, and lens section 1c' the 1st light on the other hand 
It results in 1st **** turnout 13a, and it cannot result in 1st **** turnout 13a, and optical 
waveguide 1a' is penetrated and it cannot penetrate [ 1/2 wavelength plate 3b, the magnetic 
garnet 5, lens section 1c", and optical waveguide 1a" cannot be penetrated, and / the 2nd light 
is denied the 1st light mutually and ] them. 

[0041] in addition — drawing 5 — being shown — the — five — operation — a gestalt — an 
optical isolator — **** — TEC — structure — having — optical waveguide — one — a — 

- one — a — " — and — optical waveguide — one — b — ' — one — b — " — using it — 
**** — although — this — instead of — the point — a ball — a lens — with — optical 
waveguide — others — a component — you may use it — a thing — it is . 

[0042] Drawing 6 (a) and (b) are the plans and drawings of longitudinal section showing the 
configuration of the optical isolator which starts the 6th operation gestalt of this invention, 
respectively. As the optical isolator of the 6th operation gestalt shown in this drawing was 
shown in drawin g 2 and drawing 4 instead of the magnetic garnet 5 of one apparatus as Faraday 
rotator in the optical isolator of the 5th operation gestalt shown in drawing 5 , the points which 
used the magnetic garnets 9a and 9b carried out 2 ****s differ, and other configurations, an 
operation, and effectiveness are the same. 

[0043] Moreover, it is the point that 2 separation light after **** turnout transparency is 
independently led to an optical element, respectively, for this reason the light which penetrates 
near the field of the connection place of an up-and-down optical element can serve as zero 
mostly, and the advantage of the optical isolator of the 5th and 6th operation gestalten can 
extinguish nearly completely the effect of the reflection and dispersion resulting from existence 
of this field. Therefore, the optical isolator which was more excellent in the field of an optical 
property compared with each operation gestalt mentioned above can be constituted, in addition 

- the — the time — **** — being independent — an optical isolator — a configuration — 
taking — each — a field — setting — two — a ** — TEC — structure — having — optical 
waveguide — one — a — one — a — ' — one — a — " — one — b — one — b — ' — one - 

- b — " — having included — each — separation — light — the optical path length — exact - 

- it is necessary to control . Although this can be carried out by adjusting optically mutually the 
distance between the optical waveguide end faces which have TEC structure at the time of 
assembly, compared with each operation gestalt shown in drawing 1 - drawin g 4 , the point that 
the overall length of an optical isolator becomes long a little by existence of the optical 
waveguide which has two **** turnouts 13a and 13b and TEC structures of each field is 
unavoidable. However, the configuration, then miniaturization which constitute optical waveguide 
as optical waveguide of PLC (Planar Lightwave Circuit) structure on a glass substrate, for 
example, and give an operation of a **** turnout to this PLC structured division are possible. 
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[0044] Moreqver, in.the 5th and 6th operation gestalten, since it is two sorts which the 
transmitted light left mutually by the **** turnouts 13a and 13b of independent separation light, 
it is not necessary to take into consideration the reflection and dispersion by the level 
difference structure of an optical element edge, this — structure — **** — drawin g 1 - 
drawin g 4 — operation — a gestalt — a case — exceeding — having excelled — an optical 
property — an optical isolator — it can constitute — although — each — the transmitted light 

— per — four — a ** — optical waveguide — one — a — ' — one — a — " — one — b — ' 

— one — b — " — two — a piece — **** — a turnout — 13 — a — 13 — b — using — a 
sake — some — a configuration — large — becoming — and also — two — separation — light 

— the optical path length — a difference — not be generated — as — the overall length and 
junction field of optical waveguide — enough — it is necessary to manage . In order to make it 
this optical-path-length difference not arise, the method of fixing and processing an optical 
fiber into the approach using the PLC (Planar Lightwave Circuit) structure in which optical 
waveguide was formed on substrates, such as glass, or a glass substrate, Si substrate, etc. is 
effective. In addition, when the optical waveguide which has PLC structure performs an 
operation of a **** turnout as an approach of materializing this approach, optical waveguide is 
not installed in the center of Faraday rotator and 1/2 wavelength plate, but it installs in the 
form shifted a little. 

[0045] Drawing 7 (a) and (b) are the perspective views and drawings of longitudinal section 
showing the configuration of the optical isolator which starts the 7th operation gestalt of this 
invention, respectively. The optical isolator of the operation gestalt shown in this drawing forms 
the optical waveguide of PLC structure on a glass substrate, as mentioned above, and it 
constitutes it so that this optical waveguide may attain an operation of a **** turnout. In 
drawin g 7 , 3a, 3b, and 9a and 9b are magnetic garnets which constitute 1/2 wavelength plate 
and Faraday rotator which were mentioned above, respectively, and 15a and 15b are optical 
waveguides which have PLC structure. Moreover, 7 is a substrate. 

[0046] Thus, in the optical isolator constituted, it separates into two light in the field of PLC 
structure, and the transmitted light of the forward direction which carries out incidence from 
optical waveguide 15a which has left-hand side PLC structure penetrates the magnetic garnets 
9a and 9b and 1/2 wavelength plates 3a and 3b independently, respectively, and they carry out 
incidence to optical waveguide 15b which has right-hand side PLC structure, and it is 
compounded by the PLC structured division, and carries out outgoing radiation from this optical 
waveguide 15b. And although 90 degrees of both phases will shift in case the transmitted light is 
separated by the PLC structured division of left-hand side optical waveguide 15a, in case this is 
re-compounded by the PLC structured division of right-hand side optical waveguide 15b, it is 
negated by the same phase shift being given, and does not affect a result. 
[0047] Moreover, it is compounded by the PLC structured division of optical waveguide 15b, 
separate into two light, and the transmitted light of the hard flow which carries out incidence 
from right-hand side optical waveguide 15b penetrates the magnetic garnets 9a and 9b and 1/2 
wavelength plates 3a and 3b independently, respectively. Incidence is carried out to optical 
waveguide 15b which has left-hand side PLC structure, in case it is re-compounded by the 
PLC structured division, it is denied mutually, and the interior of an optical isolator of an array 
mold cannot be penetrated. 

[0048] In addition, with the operation gestalt shown in drawin g 7 , the magnetic garnets 9a and 
9b which constitute Faraday rotator may use the magnetic garnet which is the Faraday rotator 
of one apparatus as instead shown at drawing 1 , drawin g 3 , and drawin g 5 , although the 
component of the configuration carried out 2 ****s is used. 

[0049] In the optical isolator of drawing 7 , the transmitted light carries out incidence to 1 / 2 
wavelength-plate side linearly also with the optical waveguides 15a and 15b of the-two right 
and left on a substrate 7, and incidence is carried out to the magnetic garnetsa [ 9 ] and 9b 
(Faraday rotator) side so that it may turn. It is possible by designing the configuration and area 
of this optical waveguide appropriately to be able to divide incident light into two separation 
light of the same optical reinforcement, and it to carry out incidence to 1/2 wavelength plate 
and a magnetic garnet separately, respectively. However, the separation light by the side of a 
magnetic garnet is behind in 90 degrees of phases. By forming such optical waveguide on a 
substrate, the **** turnout of this operation gestalt can be formed easily. 
[0050] Drawin g 8 (a) and (b) are the plans and drawings of longitudinal section showing the 
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configuration of the.optical isolator which starts the 8th operation gestalt of this invention, 
respectively. The optical isolator of the 8th operation gestalt shown in this drawing To the 
transmitted light, from a vertical plane, incline and the light transmission side of the optical 
element which consists of the magnetic garnets 9a and 9b and 1/2 wavelength plates 3a and 3b 
which are Faraday rotators in the optical isolator of the 2nd operation gestalt shown in drawin g 
2 is arranged. The points constituted so that this might prevent degradation of the optical 
property by the light reflex in the front face of an optical element differ, and other 
configurations, an operation, and effectiveness are the same as the optical isolator of the 2nd 
operation gestalt of drawing 2 . 

[0051] Drawing 9 (a) and (b) are the plans and drawings of longitudinal section showing the 
configuration of the optical isolator which starts the 9th operation gestalt of this invention, 
respectively. The optical isolator of the 9th operation gestalt shown in this drawing To the 
transmitted light, from a vertical plane, incline and the light transmission side of the optical 
element which consists of the magnetic garnets 9a and 9b and 1/2 wavelength plates 3a and 3b 
which are Faraday rotators in the optical isolator of the 4th operation gestalt shown in dra win g 
4 is arranged. The points constituted so that this might prevent degradation of the optical 
property by the light reflex in the front face of an optical element like the optical isolator of the 
8th operation gestalt of drawing 8 differ, and other configurations, an operation, and 
effectiveness are the same as the optical isolator of the 4th operation gestalt of drawin g 4 . 
[0052] It can prevent that the reflected light on the front face of an optical element re-invades 
as a return light in optical waveguide by inclining and arranging the optical element which 
consists of magnetic garnets 9a and 9b and 1/2 wavelength plates 3a and 3b like the 8th and 
9th operation gestalten. It is necessary to lean the inclination of this optical element in the 
direction which looks slanting in a plan. In contrast, if the direction to lean is kept as a direction 
(it sets to drawing 8 and drawing 9 , and is the direction of a gate) which looks slanting in 
drawing of longitudinal section of each operation gestalt, since the rate of the light which 
penetrates a part for the joint of the upper and lower sides of an optical element among the 
transmitted lights of ********** increases, it will become the cause by which the optical 
property of an optical isolator deteriorates. Therefore, it must avoid leaning an optical element 
in this direction. In addition, in the case of the optical device which uses Faraday rotator and 
1/2 wavelength plate, whenever [ angle-ofHnclination ] is 4 degrees - 8 degrees in many cases. 

[0053] The optical isolator of the 8th and 9th operation gestalten forms the slot on slanting in a 
substrate 7, arranges the optical element which becomes this slanting Mizouchi from the 
magnetic garnets 9a and 9b and 1/2 wavelength plates 3a and 3b, and is produced. 
[0054] In addition, in the 8th and 9th operation gestalten, although the case where the optical 
waveguides 1 1a and 1 1b with a point ball lens and the magnetic garnets 9a and 9b are used is 
explained, the optical waveguides 1a and 1b which have the magnetic garnet 5 and TEC 
structure of one apparatus respectively like drawing 1 may be used for instead of [ these ]. 
[0055] Moreover, in each operation gestalt mentioned above, a means to impress a field to the 
magnetic garnet which is Faraday rotator is omitted on the Fig. for simplification of a drawing. 
[0056] 

[Effect of the Invention] As explained above, according to this invention, two or more 1st [ by 
which the lens section was formed in the end ], and 2nd optical waveguides are arranged in 
parallel so that each lens section may counter. Since the optical element which consists of 
Faraday rotator and 1/2 wavelength plate is arranged between this lens section that counters 
and the optical isolator of an array mold is constituted While carrying out optical adjustment of 
optical waveguide and the lens section beforehand, being able to unify, always being able to 
make the transmitted light between the lens sections into parallel light or what is close to it and 
improving the optical property of an optical isolator The optical adjustment between optical 
waveguide and the lens section becomes unnecessary at the time of assembly, and the 
adjustment after assembly becomes easy. Moreover, while the structure of holding the lens 
section separately is unnecessary and can be miniaturized, economization and improvement in 
an optical property can be aimed at by the miniaturization of an optical element. 
[0057] Moreover, according to this invention, two or more pairs of 1st and 2nd optical 
waveguides by which the lens section was formed in the end are arranged in parallel so that 
each lens section may counter. Since in addition to arranging the optical element which 
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consists of Faraday, rotator and 1/2 wavelength plate between this lens section that counters a 
**** branching means is established in the middle of two or more 1st and 2nd optical 
waveguides, respectively and branching composition of light is performed Since it becomes the 
separation light from which the transmitted light separated mutually with the **** branching 
means, and became independent of, it is not necessary to take into consideration reflection by 
the level difference structure of the edge of an optical element, and dispersion, and the optical 
isolator of the array mold which has the outstanding optical property can be constituted. 
[0058] Furthermore, without establishing a **** branching means independently, since 
according to this invention two or more 1st [ which has PLC structure ], and 2nd optical 
waveguides are arranged in juxtaposition so that it may counter mutually, and the optical 
element which consists of Faraday rotator and 1/2 wavelength plate among both optical 
waveguides is arranged, branching of the transmitted light and composition can carry out with 
PLC structure, can be miniaturized, and can constitute the optical isolator of the array mold 
which has the outstanding optical property. 

[0059] Since the light transmission side of Faraday rotator, 1st, and 2nd 1/2 wavelength plate 
inclines and is arranged from the perpendicular field to the transmitted light according to this 
invention, it can prevent that the reflected light in an optical element re-invades as a return 
light in optical waveguide, and the effect of the reflected light in the front face of an optical 
element can be reduced. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawin g 1] It is the plan and drawing of longitudinal section showing the configuration of the 
optical isolator concerning the 1st operation gestalt of this invention. 

[Drawing 2] It is the plan and drawing of longitudinal section showing the configuration of the 
optical isolator concerning the 2nd operation gestalt of this invention. 

[Drawing 3] It is the plan and drawing of longitudinal section showing the configuration of the 
optical isolator concerning the 3rd operation gestalt of this invention. 

[Drawin g 4] It is the plan and drawing of longitudinal section showing the configuration of the 
optical isolator concerning the 4th operation gestalt of this invention. 

[ Drawin g 5] It is the plan and drawing of longitudinal section showing the configuration of the 
optical isolator concerning the 5th operation gestalt of this invention. 

[Drawin g 6] It is the plan and drawing of longitudinal section showing the configuration of the 
optical isolator concerning the 6th operation gestalt of this invention. 
[Drawing 7 ] It is the perspective view and drawing of longitudinal section showing the 
configuration of the optical isolator concerning the 7th operation gestalt of this invention. 
[ Drawing 8] It is the plan and drawing of longitudinal section showing the configuration of the 
optical isolator concerning the 8th operation gestalt of this invention. 

[ Drawin g 9] It is the plan and drawing of longitudinal section showing the configuration of the 
optical isolator concerning the 9th operation gestalt of this invention. 
[Drawing 10] It is drawing showing the configuration of the conventional optical isolator. 
[Description of Notations] 

1a, 1b Optical waveguide which has TEC structure 

1c, 1d, 11c, 11d Lens section 

3a, 3b 1/2 wavelength plate 

5, 9a, 9b Magnetic garnet (Faraday rotator) 

7 Substrate 

11a, 11b Optical waveguide with a point ball lens 
1 3a, 1 3b **** turnout 

15a, 15b Optical waveguide which has PLC structure 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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7 : —®1£¥'&& , Cffi 1 *5«fctfH5 2 © 1 / 2»4«©^S 

[0 0 2 2] 

[3£ifi©*iS©»li] KT, HfflSfflv»T*5EW©*Jfi 
©^{COV^T^BJ-TS. 

[0023] HI (a), (b) fct, -ttl-?n*«BJ© 
m l 0%MHMBIcfll«ft7<f V l/-^©«fiR*^t-±® 
0:fcJ;tf$8£#r®E|-T?;fc-g>„ H^KL^HT, 1 a*3cfclKl 
bliTEC (Thermal Expanded Core ) ^it^WTSft 

££oTi^LT&j££ttift:l'>;CB|Sl c, 1 dfltRlT 
£tlTV>£. 3 ai3J:tf3 b « 1 / 2 jftStSXT* 0 , 5 

[0 0 2 4] Cl©J;3fc1«fiKSnS3t7-fVl<— ^fCfc 
V»T, TECMS:fniSt©)t#Ml afr&<Z>M 
77[6J©ajM7f:tt. f©k>XS»lcTW7tt^T, 
^©^l©^©^ttl/2JSS1S3 a, 7r5^-lH] 

«3 b*®jg-r-5J:tfe<, U->XSP 1 dlcAWb, * 
fcSB 2 ©^75-©7t« 1 / 2 SSfi 3 a^aii-r-SdtJS: 
<. 7 7 ^T-lslKfT^^itt^-^y h 5 , 1/2 

i©*»©3tt^*n. 7t«^s&i b*ia-s.Tmw-r 

[0 0 2 5] TEC«ia*#T<53fci»aM»l b*> 

©j^77(r1 ©Sil3ttt, ^-©1/>X*§|5 1 dT-TffTtt^t 
0. ^-©^I©^©3tttfi8itt^-^^ h5, 1/2)K 
g«3 a^SifiLTl^Xgfl 1 ctCAWL. *fc^2© 
^^J-WTttt 1 / 2 3 b . «tt#— *y F5£aifl 

LTl/>X*a5l c tcAMLT, SIS 1 ©^^©?tiSVMC 

[0026] i/>xspic, id(i, Tt^T-rn 

©n 7g|S£ Jra^f -5 CtlCto TS^g©ilg{CJSAr 5 



(6) 
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TEC«jftS*-r«3ti»«Kl a. 1 b CD? t>ft,y 7 -f 

t> TEc«a**T*3ieaHR»i a^saw-rsjittt 

[0 0 2 7] #jOfc»ttKU3HT. l/2fl£ft1£3a, 

iimiSCS»«T*S 1 . 5 5 ximCOMil^^ffl^-r-S 

fiKtttf— *y h 5 <?>m-£\t— miZf^}5 0 0 wmTab 
0. l/2i£g1£3a, 3 b38**ft»T»*«^fctt. 

[0 0 2 8] ^HJE^JlCDftT-f yiz-^tt, EllOtC 
*UfcO*03lt7-f VI — fiZftVT, TECflliSfcJ: 
Dl/>XSPlc, ld*-#:«l;ttl.^iSi»la, 
1 b*«SkM?>JL/T»W-«iltk:J:D, TU-fffcLjfcjte 
T-fVl/'-i'SiOtl/THS. *bT. U->X*gPlc, 
ldii^SftBla, 1 bT-fe^r-fA-i:- #:fl<)(c 

^MSS&j^BTabS yt74Vl'—9<D± 
t^T^-S. ±i£bfc 1 . 5 5 u.m<Dmwt*mM\sit 

m^zit, mm<z>ytm$LV& u, ib a)m<Dmm\t 1 m 

ml^TtCTS £ 1 #*T £ 3 „ 

[0 0 2 9] Ttefr*., ***JBJI<Z»te7-f V^-^T 
«. \/>XBlc. 1 d£— *6<]fcWr^)TEC^)tCO 
Tt^KSSl a, 1 btc,£93t#$&<hI/>X*gI5©3t^ei<] 

© k>Xffl$ 1 c , 1 dm©»ifcte]fl*#fc¥fT3tt*fctt-€- 

<£r(6]±b-5^±(C. »ft«KOU>X«|Jl c, 1 d 
i£S& la, lb tCOWcO3t*W0iS^ST*Sfc*, 

Wfi*<&£ iftO. * fc U- > X*SI5 £B'Ji£GlfJ T 
^.«Sifi^®T-fe«.fci6. ^K/jN^ft^T+ftTeb 

(c. loco^tT-ry ^raiftKi&g&yr^— ate 

^ ii J: DC i / 2 6 te3^JStT©£*rffi*£vJN 

fo*^Ii:«fflb. #&©ffi3Abfc7tAttS&hSS£BH 
SSL. #&©»ftbfcft7^y u-^ft^jyi-rs;! 

i^T^T. 3fc7-fV l^-^fllifilO^Oco^^TCOiS 
WffiS£{gTt-£££7&<T^-5.h<>: ; M;:. IUbA#S© 

is * Jt jtm-r s ^ t. z -s . 

[0 0 3 0] 0 2 (a) , (b) tt, -^tV?-'*!*^© 
% 2 wSIMJgffi^&ftT-f y U-^©8ij3££Scr±ffi 
i^it/WIiT^^. [RlSfc^-rm2(0|^M^ffico 
#7< y u-^tt. s i (c^bfc3t7-r y 



t2^fiJbxmi*3«k^2C0eit^-^^ h 9 a, 9 
bT«j£bfcj&aW«ESfc©Tcbr>, ^©^©flffiS, f£ 
SMftWLhi&bfclSl ©Sft&6«*lg©3t7'1' vu-^t 

[0 0 3 1] #!S 2 CO^M^ffiCD^T-r y U— * fcffiffl 
StlTU-5 l/2)Kfi«3 a, 3 b :&£tflBte#-*y 
Ha, 9b^e,^«,3t^m^«. ±TtC2^^-bfc^ 
Tf^SStlT^Sj&t. ^niltfSM07 7 7T- IH) 

te^ t& -y h 9 *s jz&n ujemk© 1 / 2 m. 

£^©*©2fflTo, T&to^atttf-*-;/ h 9 a, 9 
b i5 cktf 1/2 i&filS 3a, 3 b £SX 0 tH tTffl^t) 
*T«fi£bfc i &CDT$.-5. fit, 
7h9a, 9 b*5d:OCl/2)SS«3 a, 3b«|Bjby* 

D>v^*^«)ombfcm ; Ft?*-5^t^iisu<. ^© 

»^ttjaa^^Tabsratt#-* -y h 9 a , 9btl 
/2}&&m3a, 3 b©J?£te^L< . 7r5f- HI HE 
^*«ttJfl/2jSS«C03ttiC0|6l#t>SVMC^b^i. £ 
*3> 7U^fS!3t7-f VU-^T»*OT. ^©tjDOajb 

[0 0 3 2] COiSfc^fc^ Sffl^«££K:J;D. 

^HcDi^«cco©^co#ftTab^A^, ccoSH^g? 

5 5 MmCDSS&3t£«jebfc«-&, h 9 

a, 9 bCOJPStt— flS(C|<j5 0 0 MmtrabO. l/2t 
S«3 a, 3 b^7K^iUT$)-l)«-&t«^-coJ9$««-^ 
*«]9 0 ximT^-SCOT, ^^gRco^^co^Srt*!! 
JS®^T«*<]6 0 0 um&mttzK). ±.mvfrmmBM 
©»-&J;0 1 0 0 nmmM<UZ>. fe*3, JiT2©co^t 
^^(C*5ViT. 1/2 KS« 3a, 3 b <D^M<T>^ 
te J t<Dtz-T'fttf4 5° *fcttl 3 5° T&<5 
T2b-5. |BJ— O^S^yP-y^A^^OttSbfc^^T 

2 2. 5° %.tz\Z±6 7. 5° (=±22. 5° +±4 
5° ) Tab-2>!&1?#&£. 

[0 0 3 3] ^tc. ±a5bfcJ:?tc«fi£$ns^l43 < j; 

tx^ 2 conjg^coy u~r ^co3t7-r y ^ &*a^-a: 

*6)5;*SS 7 ±tcSKS?S<f jt^M^tclfiS:*^ b. 

Ectiit^wr-5^#^<*:Ts. -t-n^s. t£A^n 

fc«-3t»«ttO4»*»»*««fcffl0T«fT. TECi 
jfi^wr-5?t#jffiKS-9)®fb. ccofUcotffcy r 55*- 



•a, 3 bSa^toii-fclHfiVJ^^feBBKU, «M 
_ [0 0 3 4] £©^£TteMffi'J©TEC«|jt£:£T&3t 

#*Bla, 1 bm±&&m-z&Tyt¥Mmm$:ft?z. 
ittT^^cv^. PSfflijwT e cffim&&-?z>'ytm$i%& 1 

a, 1 b«!^-T*tfo)T^)feBlcI9:B$nTi/i-5©T. T 
E C«jI$*T^^#K?S la, lb ©fMMSfc-t-OilB 

a, 1 b[Bl±S^®)$1±^>3 1 e^e<]llS«4#l'!^ST*tt^ 
[0 0 3 5] 113 (a) , (b) tt. ^tVfn^BJ© 

mis&tfimmm-v&z. mm\z^rm3<Dmmmm<D 

±i£L;tSmc^LfcffSl©S»gfiS^ 
g&la, lb©ftbO(:U>Xaillc, 1 1 # 

mzm^nfz9miy>x^^nMfmi u, lib 

So 

[0036] 9mu>xtt&%Mm&i 1 a, lib 

fi. 3167 r-f A03 7»©$fcSBfcittfMSci 0~«i 0 0 
Mm©I*ttcDl/>X*g|5l 1 c, 11 dSj&gSfcttBSSf 

[0 0 3 7] 04 (a) . (b) «, *n-tn*56w© 

354 (DmmBM\z&z>ytT'f v u-*©«fi*£iR-r±® 

K2#»bTjfU:fe«fctf3S2©»tt;*f--*y h9 a, 9 
V>M®.JJ-*v h 9 a, 9 b(Dj;-5tC^bitfeCDT$> 

HMjgfigcD^T'f y * till i;x-*5. 

[0 0 3 8] ±ifiL.fcJ:5K«ja*ns!B'3*J: 
tffi 4 J8©7 u-f ffloDjueT-f v u— ^ *ia*i£ 

7©j»JOI»K:^|y*U'>X^*3ti»«ttl la, lib 

2 <Dmmmm<DytT-f y u-* ^st5±^ufc* 

ffittSU&MTttfcV*. f^>T, ffS3*5<fcr/!&4©mSfl2 
ffiCD«tptC, 5fei*l/>X#^?t^i^l la, lib?: 

Ge/HTsftT-ry i/-^©«^tcte. s«7±tcMff^ 
yt¥m?m<Dffi&ftmv, tz\\zmm^m^<D^m^ 
vis-fffif&wmzyt^Mwim&'&miiuz. yetus® 
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*©Jttt«flm&ft«u>x#sr3fcw«g&i 1 a, 1 1 

b *fflV»*3t7''f y U-^£#©T£^ffite*ia3i©^fi 

te©tSTttis!gij!>*& £>*>©©> ^tT-ry u— ^©^^ 

[0 0 3 9] H 5 (a) , (b) «, ^n^UfcfgBJ© 

18 5 ffli«ffit«5^7-f y i/-^ ©«j£* jj*-r±B 
0*3«t^fii£»f®ET"fe-5 o I^EJ~7irr£l5©5|]5S^Si© 

utr-iv u-$nz. mi\zm-?mi<Dnmwmv>yt7^ 
vu— ^£«vvr3fc*ttKi a, 1 b©^* tc^n^n 

ff§ 1 iJ«ktfJ& 2 ©ft^fl-ftS 13a, 13b 
#s*i*<g&-3 ttfefd, Cine,©^»lK§g 1 3 a, 

1 3 b<Dttmmt>i%iiM&#-*y h 5&J;r>*l/2}8[ 
fi«3 a, 3 b*»634*3t**^t©|BI*-tn-entt» 
*#©TEC*iI£#-rS3tei*«ttl a' , la" .1 
b' , lb" T»«EU tttt«»©3tW»»©3t**^ 
«OSB»k:-t-n-^np>X»l c ' , 1 c" : Id', 
Id" WfilcSnT^S^gft^feOTibS, 

[0 0 4 0] ^©.fc'SlC^Snsy l/-T^©^67''f y 

jtottt. ^n-?m 1 ©ft^fl-lRffi 1 3 afc«koT|p|- 

nfc^ 1 i5J:t/SIS 2 ©ftte^n^nffiSLlCTE C4?fig£: 
*T£^&*t©ft#«[g& 1 a' , la" ^LXt<DU 
>X»lc', 1 c" TNFfrfttfcO. JBlOftttI/ 

2 »S« 3a, 77 *«fi£-r*!Ktt^-^ 
7h5?riaU SfcJB2©3ttt«tt^f-^«/ h 5. 1 

/2*&R3 b*»ifrr*. s&KURifij: 
tm 2 ©3t«-?-n^ni«^*f © u >x*sr i d ' , 1 
d" . mtmnn&m&i b' , 1 b" £Si&LTf?i2 

<Dyt&ft%ffl 13bl:M0, Kffl 2 ©?£-&#l!£gg 13b 

ttib^&mwsna. 1 ba»& 

©aWriejoaiBJttt* 2 ©ft£r#iif£§§ l 3 bl-MS 

n, ^©»iK3n7c^ 1 &£&m 2 ©3ttt*S!c»©3t» 

Mlb' , 1 b" *^bT^-©U>x*gBl d' , 1 
d " TW-ftytttz D. II <JMfctt«tt#-*. 5/ h 5 , 1 
/2i£fi«3a. U>XBlc' <D—-ft. X.m$i9& 1 
a' 5-SjlbTmi©3t^l!!$ggl 3 afcMO, ^2© 
)t«l/2tfi«3b. ffitt^7h5, l/>Xg|5l 
c" . 3rta@K^l a" 5S)lbT^l©^;-&^lKg|l 3 
atlO, fgl©ft£2^lc}T-£tgL^TSi&T£ft 

[0 0 4 1] &*3, 13 5 (C^T^ 5 ©HM^CO^T-f 
yU-if-Ctt, TEC«JftS^rTS3ti»S[»l a' , 1 
a" i5cktf3£»i£g& 1 b' , 1 b" 4ttffltTVi**». 
d©^0fc$ l c«P>X##7 , 6#iKgS. ^©ftU©<t^ 
i?:ffiILX ; b±^t.©X-*^. 

[0042] 06 (a) , (b) ^n-en*^© 
^ 6 {D^mmmizmzytT'f y u—^©«fi£**-r±ffi 



(8) 



<WmW- 1 1 - 5 2 2 9 3 



•-fVI/-^ttUT, 7r 77 s — Islte^iLxT— &S© 
M&fl—^y h 5©ft:bDJ;:0 2. 0 4K^L;tJ;3K: 
.2#SRISnjfcate#-*y h 9 a, 9 b Sttffl Ljfc/£# 

o, ^©to©fi?j«. fpffl, umamvv 

[0 0 4 3] f5 5%i£tff86<DnffiMm<Dy6T'( 

&«*Jfi»JBlC it ^Jt^Wtt ©ffiT%fc 0«tlfe^T-f V 

-1VU-5>ffif$.&tiZ>&mmz£>^T. 2*©TEC8t 
IStt^Mla, la', la", lb, 1 

b- , i b" &&®rc&ftmyt<Dym&&iEm\zmwT 
0 i -0 4 \z7K\sfiL&nmj&mztt^ 

#^©2il©^£-&^l!Sgg 1 3 a, 13b^TECiI 
Sr*-r^Jt#KSSSW#ftfC J: 0 JtT-f V l/-^©£fi7&* 

tfft3Mfcl&£;tf^X««Ji»CPLC (Planar Lightwave 
Circuit) ibTflWtU ft-&#4£§§© 

[0 0 4 4] £&. JB5*J:tf»6 0||Jfi»tHc*ViT 
tt, 13a, I3.bt± OSWcgt 

V». ^0«ifi"rJ4Hl~B4 0^J|fi»ffiO»^*LO< 

mytmv 4*e>ytmwi&i a- , u", ib-. 1 

b" £2fl!©? , 6-&#lKi§l 3 a, 1 3 b£ffl^-5££>K: 

*?> (C tt# 5 X & t* ©««± lcft3»am WcPLC 
(Planar Lightwave Circuit) 1/^-5 ^Tffi. 

SMilt, 3t^»(R»OfffflSPLC«ifi**-r* 

<»: i/2iKg«K)>4'*(cig:B-r^cDT?«^<, '>u-re> 

[0 0 4 5] 0 7 (a) , (b) fcL ^tl^t"!*^© 

m 7 (omm.wmz&zytT'i y ^-^©flsj&^-r&Mi 



T. 3 a, 3b4o<£tK9a, 9 b^*l-£n_kSeLjfc 1 
/ 2 y 7 0te^ S«li!c"r*ttte#— 

♦ yhftO. 15 a, 1 5 bitPLCmm^T^ 

[0 0 4 6] i©«t'5(C«JEiJt$nS3t7'-f V *T 
tt, fe«OPLC«Jftft*r-r*?6#*ttl 5 a*6A» 

■sn. -tn-^nascfcaittif— ^ y h 9 a, 9bi5j; 

tfl/2i£ft*£3a, 3 b£®j&UT, JsMOPLCffi 
iS^#-r?>^#KSS 1 5 blcA#rU ^©PLCfititSB 

TMsn, K3t#aK»i 5 b*»sm»-r*. ^lt. 
&Myt&t£m<ayt&itL& 1 5 a © p l cmmwi-eftM-z 
nsisicM#cDttffltt9 0° rns^ttft*^. 

tt#fflJ©3fc»«» 1 5 b © P L CiI«TB^Sn5 

[0047] sfc, t;m<Dytmm$& 1 5 b^sxfrra 

i^fa©iSiB3fctt3fcilHm 1 5 b © P L C1»jfig|5T-&j£ 

v h 9 a, 9 b*3JcOti/2^S1S3 a, 3b£®iib 
T. £AOPLC«jB««rr«3i£«ttKl 5 bfCAW 
U J E-OPLC*jt«TW^fi!E$n*IRK:SV»fc*r-6* 

[0048] 0 7 K*-rn«fii-m, 777? 

-Bfi?*«JJtS8tt#-*y h 9 a, 9bte2#fiJ 

1. 03. a 5 tcjs-r J: 3 ■ *scD777f- mte^ 

[0 0 4 9] 0 7©3t7-fV U— ^fc:feHT. 7 ± 
©£* 2 #©ft#8[S& 15a, 15btfcl/2 flfcfilS 
fflfcttajB3tjm*WK:A»lx. «tt^Ef-*y h 9 a, 
9b (yr^x-QUte^) <Dm\z\-t®i0&tS£?lzAM 

ci tic j; v) xm^m cyt&Mo) 2 -D<r>ftm%\zftvyz> 

hfflO»«Bt»4(fl[«**9 0* inTl»4. X«-h 
^^©.t^^^gi^Sr^fiX-r^CltfcJ;^. *$ZMM 

[0 0 5 0] 08 (a) . (b) fi, ^tl?tl*mJi<D 

& 8 ©sas»iBK:«*3tT-r y u-^©^$r^-r±® 

0*5i^Wffi0T$.^)„ |H)BtC*f^8©^M®ffi© 

Jt7-f.yu-^tt. 0 2 tc^-rm 2 ©^^©TtT-r 

y l/-^tC*5t>Ty 7 7^-[H|i!£^T&-5S&te#-*-> 
h9a, 9bil/2iSM3a, 3b*^S5Jfcfi 
^©ftSi&B $r^jg^t (C» UTSilM^ ^> mm b Tffigft 
L. int«trj^^©«S-e©7tKI*tCJ;^7t^ 



-0. ^©fl!i©«ffi5u tfMB, #lllte0 2©ffS2©fg»2«g 
©3t7-f V U— ^ <h (HINT'S. -5., 

. [0 0 5 1] 1219 (a) , (b) «. ^n**n*^BJ© 

as 9 ©safijgtBfcwsjtT-f y u-^o«riis*-r Jiffi 

0*<fctfiKiE®r®0-C i £>-5 <) l^0fcSrrif&9©SlJ5fcJglig© 
y u-* fciJtvr? r ^^-m&.TT'&zffi.&X-* y 

h9a, 9 b 1 1 / 3 a , 3 bJ^S&Sft** 

U ;intC<fc90 8©^8©Sl]5f!iJI2ffi©7t7-"fy ^ 

[0 0 5 2] m8fect(yC^9«^M^fiiWJ;otC, {Sit 
^-yh9a, 9 b*5 1 / 2i£g« 3 a, 3 b* 

A^)^[pI (08, H9tc43V^T$)*5 0«»^|B]) ilTL/ 

^©3t^i4^{t-r^/jiHt^s„ tot, yt¥m=? 

T/^X©«^, ^-©fl££lffite4° ~8° TSSIt 

[0 0 5 3] !f§ 8 *5 Jctflf! 9 ©3l»£*i©ft:7-f V U- 

M-^-yh9a, 9b*Wl/2KM3a, 3 b 

[0 0 5 4] &4i. ^8*3J:^9(D*]|S^Si{C*5liT 
te> 5te#U>Xtt#«#*ttl 1 a, 1 1 b&«fctf8H4 
h9a, 9 b £&fl§-r*«-&lCOI,iTSil3)i LT 

cne©ftfcOK^n-?n0i©cfc-5&— &m 

la, lb^ffifflLTfeiVifeOT*^ 
[0 0 5 5] Sifc. Jd&Lfc^M^SitC&UTtt. 7 

[0 0 5 6] 

[fEBjcoyJ*] JW±lttWLfc=kptc, #fSBjlc<fcn«, 

— 5S \ZU> XWMflMffi, c? tlifc 18 1 *5<fctf#5 2 ©*g$C©?fc 
® fl£& £ *i© 1/>XSB*^I"IT-5<J;'5 IcMff JcBE 
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3t7"-f yu-^©3t^w«Ptt*r$j±b3stt>b 
[0 0 5 7] *5fi8ifcJ:tt«, — «|fc:U>X»3&* 

je&s sn&* i & 2 oascwrojfc^au&s-en* 
nou>xw«»»isi-ra«t'3fcafefTfciEia:L» c©*Hri 
T^U>Xmm\zyry 7-m * J: l / 2 flfcft« 

is 2 ©«&©^#jK8&©j£*K^n^n^#k^is:£ 

T-fyU-^S«liaT«Jlt*tT**. 
[0 0 5 8] EC, #568!K:J:n«, PLClii&tt 
5Sf§ i *5«fctfS& 2 ott*<oye#«»*sv»k:»i«a-r* J: 

1/2 Rfittfr SteS^JfrFSBEtt LT»^* 

©ft®, ^##PLC«jgXfT5£i#T-£. /hSffc-e 
fin&3t?«Ht^fT57Wi©3t7-f yi^-^ 

[0 0 5 9] *5&m\Z&n\-£* 77 7 7 r -mte ; ?*5«J;tK 

[01] *«W<oJBio^!6®IBlc«*%7-f yu-^ 
©IffiX S 5K-r ±ffi El *5 «k OffiSBf S 0 -x 3 $> z, . 

[0 2] *^BJ©^2©HM®ffitC^-2)3t7''f y 1/-^ 

©«>£ * ±® 0 & <fc zmm m m t s -s . 

[0 3] ^B^W^SW^M^ffifC^^^T-f y 1/— ^ 
©ItfiK $r ±S 0 *5 <}; Ut»f»f ffi 0 ~Z' $> 2> „ 
[0 4] *^BJcDm4©m6^t«^)^;T'f y U-^ 

[0 5] *^B^©^5©H)!lfi^tefC^S)t7''f y \s—9 

owns. ^trt± ffi 0 *s j; zfmmm m t- $> & . 

[0 6] *fW©f&6©HJ5&n2S§fC^£}t7-f v ^-^ 

©«^^-r±®0t>ct^w®0T-»^. 

[0 7] *^BJ©^7©^JS^fC«^)3tT'f y U— ^ 
©1tfi£*^-r^0*5«k^Wr®0T-fe'5o 

[0 8] *mn<Dm8<onmmn\z&z>ytY-i y u-^ 



(9) 



(10) 
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©fistic £ tkT ±m m & «t xmm m m t * a = 

■ [09] *5£W<Dm9<DmMBmz&Z>yt7-lVl — ^ 
©tgfiK ±S El *5 «t CXNEBF ffi0 T£> S . 

. [0 10] t£*0D3t7'f vu-^©«rti*«-rH-c» 
a. 

la, lb TEC«iSS«-r-6Jt#«tt 



lc, Id, 11c, lid U>XSB 
3 a, 3 b 

5, 9 a, 9 b h (7 r 95*— EHET) 
7 

11a, lib 5fci£^>Xttt^gi&S& 

i3a, i3b ytsftrnm 

15 a, 15b P L C«JS*^rf 



[0 1] 



[0 2] 




(a) 



la 



7^ 



lc 



1 



Id 1b 

te 



9 b 



(b) 



1a 



3a 



5 3b 




IK 



lei lb 

1 — 



(b) 



"7" 
1a 



9b 3b 



7*1 



3a 9a 



(a) 



(b) 



[0 3] 



11a 11c 5 11d 11b 

X K 



X 




-y- 



■ 




7Sfi 



(a) 



(b) 



11a 



7^ 



[04] 



11c 



1 1d lib 



I 



Pf 3 

9b 3b 



9b 3b 



\ — r 

11c 3a 9a 



7 Sffi 



(12) 



1 1 - 5 2 2 9 3 



[0 8] 



IB 9] 



(a) la 1c 



(b) 



1a 



Id lb 




9 b 3 b 



r— 



1c 







4^5 





73&K 



(a) 11a 11c 



(b) 



I1d lib 




1 0] 



105 >■ 

102 i/2ttft« 



...A 



103 w< rs^ri ' 




102 V2»ss 



101«tt*-*yh 
105^*v h 



7D> h^->*C9i^ 

(72)«I8# ffi (72)5EBJ# gff 

mmwm m% mmmm urn 

^«Em{iu^ru*aEiPiii6Ta 7 mm 



